Pseudoaneurysms of the deep femoral artery are uncommon and occur as a late complication of various traumas. Usually associated with femoral fractures, We report two cases of profunda femoris artery injury which presented as false aneurysm secondary to penetrating trauma. Because of its insidious onset, awareness and careful follow-up are the key issues for the early diagnosis.
Introduction
Pseudoaneurysms (PSAs) of deep femoral artery (DFA) are rare injuries and have been reported following penetrating and blunt trauma to the thigh and orthopedic procedures of the proximal femur [1] [2] . Symptomatic injury is usually manifested by haemorrhage. However, it is likely that many injuries are sub-clinical and remain undetected [3] . Local effects of pseudoaneurysm are secondary to mass effect on adjacent structures causing compromise of function [4] . This condition may promotes formation of pulsating mechanism injury in the area and erosion of the neighboring vein's wall [5] [6] . We report two cases of profunda femoris artery injury which presented as false aneurysms and describe two alternative methods of management.
Cases report

Case 1
A 23-year-old man sustained a stab wound in the middle of the posterior right thigh, which was treated by primary suturing. Two months later, he was admitted with increasing pain and swelling in the right thigh. Physical examination revealed a 4 × 6 cm pulsatile mass with a palpable thrill in this area. On auscultation, a loud systolic bruit was heard over the mass. All distal pulses were present and equal bilaterally. Color doppler showed turbulent flow within the saccular structure with a wide necked communication with DFA, findings consistent with the diagnosis of pseudoaneurysm. A 64-slice multidetector CT angiography confirmed the presence of a large pseudoaneurysm arising from the second perforating branch of the DFA, and there was also a communication of approximately 2 cm visualized between the cystic lesion and the deep femoral vein (DFV) with arterialization of the normal venous flow within the vein (Fig. 1) . Open surgical repair was considered appropriate, the patient underwent repair through anteromedial approach under general anesthesia. A vertical incision was made parallel to the lateral border of the sartorius muscle at the lower end of the femoral triangle. Control of the deep femoral artery was obtained between the sartorius and the rectus femoris muscles. Axial dissection of the PFA was carried out, exposing it alongside the deep femoral vein. A 4 × 6 cm PSA was extirpated with ligation of the second perforating branch of the DFA, and the venous breach was repaired with 5/0 polypropylene suture. The postoperative course was uncomplicated and the patient was discharged on the fifth postoperative day.
Case 2
A 28-year-old male sustained a stab wound in the middle of the posterior right thigh. He had no signs of vascular injury immediately after the trauma and he was discharged after wound dressing and antibiotic prophylaxis. 20 days later, he was admitted to our department with bleeding from the sutured wound. At the same time, there was associated tachycardia with a fall in the hemoglobin levels from 12 to 8 g/dl. After removing stitches, a 3 cm wound with active bleeding was observed in this area. Distal pulses were detected manually. Selective arteriography of the profunda femoris artery via the controlateral approach showed a 3 cm pseudoaneurysm of the second perforating branch of the deep femoral artery ( Fig. 2A) . This was successfully and electively embolised by Cook ® coils and the bleeding arrested (Fig. 2B ). 3 days later, he presented again further bleeding episodes. The patient was operated upon through a vertical femoral incision. Control of the common, superficial, and profunda femoris arteries was obtained. On evacuating a hematoma, a laceration of the perforator branch was found. The injured branches was ligated. The patient did well postoperatively and was discharged on the 10th day. He was asymptomatic during 6 months of follow-up.
Discussion
The profunda femoris artery lies deep in the thigh and is protected against external trauma by the vastus medialis muscle and is most vulnerable to injury in the sub-trochanteric area [3] .
Injury to the DFA accounts for approximately 2% of peripheral arterial wounds [7] [8] . Complications of undiagnosed and inaccessible arterial injuries include pseudoaneurym, arteriovenous fistula, and vessel occlusion [9] . Causes include iatrogenic (percutaneous or open arterial catheterizations, leakage occurring at anastomoses between grafts and vessels, or orthopedic manipulations), traumatic (blunt, penetrating, and gunshot injuries), and other factors such as infection, hip torsion during sporting activity, intra-venous drug usage, and true aneurysms. In our cases, the etiology was stabbing [9] [10] .
PSAs associated with arteriovenous fistula are uncommon following penetrating wound trauma of the limbs and have rarely been reported [11] . Iatrogenic causes may be promoted by some vascular anomalies, Stefanczyk et al. have described a case of postnephrectomy arteriovenous fistula in a patient with tuberous sclerosis and anomalous inferior vena cava which was successfully treated by endovascular amplatzer occluder implantation [12] . Moreover, cardiac or valvular defects in Down syndrome may predispose, through endocarditis, to vascular involvement such distal embolization and pseudoaneurysm formation [13] [14] .
Pseudoaneurysms arise from a disruption in arterial wall continuity resulting from inflammation, trauma, or iatrogenic causes such as surgical procedures [15] . Under the influence of sustained arterial pressure, blood dissects into the tissues around the damaged artery and forms a perfused sac that communicates with arterial lumen [15] [16] . The perfused sac is contained by the media or adventitia or simply by soft-tissue structures surrounding the injured vessel [4] .
DFA injuries may be overlooked due to delayed presentation and also because distal pulses are usually present. Accurate diagnosis is difficult as this artery is located deep in the thigh [17] . Pseudoaneurysms typically present late and signs such as persistent hip pain, thigh swelling, and the presence of a pulsatile mass and unexplained anaemia may suggest the diagnosis [3] .
Without a clear history of trauma, the lesion may mimic some soft tissue conditions like abscesses or neoplasms [18] . The time from injury to PSA presentation is variable although in the commonest situation, minimal arterial wall damage allows only a slow progression in size with a subsequent later presentation many months after injury [19] . Unless hemodynamic instability and high clinical suspicion of active bleeding prompts a diagnosis of the rupture of the artery and pseudoaneurysm [20] . Careful examination and auscultation should be performed over an injured area.
Post-traumatic AVF is an unusual disease with a wide variability of presentations. Careful examination reveals a pathognomonic machinery murmur and thrill over the site of injury. However, diagnosis of this entity may be overlooked if these physical findings are not present [21] . In a retrospective review, Melliere et al. observed that the clinical course appeared to be related to the relative flow state of the AVF. They noted that low-flow AVF was usually uncomplicated and might occasionally close spontaneously, while high-flow AVF were associated with early cardiac complications that usually necessitated surgical correction before the onset of arterial dilatation. However, medium-flow AVF were associated with proximal arterial dilatation generally discovered later with or without concomitant cardiac complication [22] . Our first patient would appear to represent this latter group, he had leg edema without any cardiac signs. Significant lower extremity AVF that is not treated or do not resolves spontaneously may present months to years later with venous hypertension marked by limb edema, stasis dermatitis, and venous ulceration [23] [24] . Claudication and symptoms of congestive heart failure may also ensue.
A high clinical index of suspicion and radiological imaging [particularly computed tomography (CT), angiography, and duplex ultrasonography] plays a major role in obtaining a diagnosis [18] . Multidetector CT angiography enables 3-dimensional reformatting of the lower limb vasculature. It is a quick and non-invasive method, with high sensitivity (90-95%) and specificity (98-100%) for detecting arterial injury after trauma [25] .
Experience in treatment of PFA pseudoaneurysms is limited. Symptomatic PSAs (intermittent or continuous bleeding) should be treated. However, the decision to treat asymptomatic pseudoaneurysms is controversial. The majority of small PSAs (less than 2-3 cm in diameter) is prone to thrombose spontaneously within 4 weeks [26] [27] . We recommend observing small, asymptomatic PSAs and treating them only if they enlarge, do not resolve, or become symptomatic [4] . False aneurysm can obliterate spontaneously, especially when smaller than one inch and with a small neck (<10 mm) [28] .
Current therapeutic approaches include open surgical repair, ultrasound-guided compression, ultrasound-guided thrombin injection and endovascular repair using coil embolization or stentgraft insertion. In the presence of compressive neuropathy, limb ischaemia, distal embolisation, skin necrosis, infection, or the risk of rupture, surgery has been recommended as the treatment of choice [29] , the incidence of post-operative complications may be as high as 20% with up to a 3% mortality rate [30] . The anteromedial approach to whole trunk of the DFA as first described by Suter is now the standard one for most procedures of DFA reconstruction. The DFA can be readily exposed from its origin at bifurcation of the common femoral artery down to its distal branches [31] . In our first case, surgery was judged the more appropriate treatment as the PSA was considerably larger and associated with a AVF. Over the past few years, endovascular repair of PFA haemorrhage or pseudoaneurysms with covered stents has become feasible [32] [33] . However, selective embolization is increasingly considered as the most effective treatment for PSA of DFA [34] . It is used by either ultrasound-guided direct puncture in the sac, or by catheter placement to occlude the neck [35] . In spite of its lower complication rate, recanalization of the embolized vessel and reconstitution of arterial flow to the pseudoaneurysm (delayed failure of embolization) have been reported; however, this phenomenon is very rare [36] . For this reason, operative treatment was undertaken in Case 2 where the PSA bled again after a primary embolization.
The profunda femoris artery has a collateral supply, therefore, one must embolize both proximal and distal to the pseudoaneurysm to completely exclude it from the circulation by preventing backflow from the collateral circulation [37] . Cook coils, which were used for selective embolisation. In our second case, they were made of platinum. This coils are softer, then a disadvantage of using platinum coils is the potential for recanalization of the embolized sac if the coils are not tightly packed [4] . We think that the failure of the embolization procedure in Case 2 was due to the backflow from the collateral circulation, because the distal exclusion of the PSA has not been done. However, the nature of coils and deployment's technique were less offending in failure.
Post-traumatic fistulas should be surgically repaired as soon as possible [38] . In the early stages, surgery is easier because there is no scar tissue or collateral circulation to complicate the dissection, and the anatomy is not distorted [39] . Although surgical closure of AVFs remains the gold standard, other treatment options include covered stent and coil embolization. These stents provide a less invasive choice for repairing the fistula, especially in hemodynamically unstable patients [40] [41] .
Conclusion
As these cases illustrate, the diagnosis of pseudoaneurysm of deep femoral artery following trauma an orthopedic procedures requires awareness and a high index of suspicion. When they are overlooked, pseudoaneurysms can develop as late complications. Angiography should be performed in cases with a high index of suspicion. A simple surgical approach is effective in preventing such complications.
